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INTRODUCTION 



Since the recent more or less extensive adoption of 
high-lift flaps on airplane wings, the problem of provid- 
ing satisfactory lateral control without sacrificing a part 
of the span of the flaps has "become one of some importance. 
The difficulties have "been largely a matter of obtaining 
satisfactory rolling moments with a smoothly graduated ac- 
tion, together with sufficiently small control forces 
throughout the entire speed range • As part of an investi- 
gation including several different lateral-control arrange- 
ments to he used with split flaps, the tests reported in 
this paper were made on one arrangement in which conveii^ 
tional ailerons of narrow chord are used, and a split flap 
is retracted into the under surface of the wing foi*ljrard of 
the ailerons,* When the flap is retracted, the arrange- 
ment is as sketched in figure 1(a). If a simple form of 
split flap were used, hinged at its forward edge, the ap- 
peai^atice when deflected would he as shown in figure l(h)« 
The flap if deflected with its leading edge remaining in 
this forward position would give somewhat less than three 
fourths of the lift increase of the same flap in the usual 
rear fopitioni (See reference 1#) If, as shown in figure 
i(c). ti.e split flap ahead of the aileron is moved to the 
rikir is the trailing-»edge portion is def le cted dowrtward, a 
douhli advantage is obtained* The deflected flap can be 
located in the most effective region for high lift (refer- 
ence l), and the force required to deflect the flap is re- 
duced. This is the arrangement used in the present tests. 



^Another lateral-control device which has been found to op- 
erate satisfactorily with full-span flaps was described in 
a recfnt memorandum report, ejatitled "Eetraotable Ailerons 
for Use with Flaps", by Floyd L. Thompson. 



With the flap retracted, the wing and ailerons operate in 
the normal manner of present conventional airplanes, fhe 
narrovr ailerons should ordinarily require reasonably low 
control forces^ but if desired they may he halanced to re** 
duce the hinge moments hy any of the ordin.ary means, such 
as the inset hinge. The halancing would^ he ineffective 
v/hen the flap was in the extended position, hut at the low 
air speeds obtained with the flap deflected, it is proha- 
hlo that the aileron control force would not he excessive. 



PRELIMINAEY WIITD-TUHNEL TESTS 



The probability that the conventional ailerons would 
give reasonably satisfactory control with the split flap 
extended was suggested by the results of wind- tunnel tests 
(not yet published) on a wing with a simple split flap and 
uppor-siirf ace ailerons. A typical set of results which 
were obtained in the F.A*C*A^ 7 by 10 foot wind tunnel #re 
given in figure 2. A comparison of these results with 
those of tests on ordinary conventional ailerons of the 
same size (references 2 to 5, inclusive) shows that with 
the split flap deflected the uppe3>- surface aileroiis give 
rolling moments and hinge moments of approximately the 
same magnitude as the ordinary ailerons on a plain wing* 
The yawing moments are also approximately the same, except 
for the extreme aileron deflections. The values of all 
three types of moment are the same even for downward de- 
flections sufficiently great to permit the use of ordinary 
differential aileron linkages. Thus, it seemed that con-* 
ventional ailerons of the proper size might give reasona-- 
bly satisfactory lateral control when used together with 
deflected split flaps* 

It was considered that the wind-tunnel tests on simple 
split flaps and upper**surf ace ailerons represent ed the de^ 
sired conditions sufficiently closely that further wind-^ 
tunnel tests were unnecessary before f\ill-scale tests were 
made to show the action in flight* 



DESOEIPTION Of AREAHG-EraT EOE FLI&HT TESTS 



A special wing with the desired flap and aileron ar- 
rangement (fig. 3) was built for the Fairchil€ 22, 1 small 
parasol monoplane. The appearance of the special wing as 



3 



tested is shown in figure 4, The ailerons had a chord of 
9 inches, or 13»6 percent of the wing chord* They were 
provided with a differential linkage gtvittg a i|a||iiEtti.i|> 
ward deflection of 25^ and a maximum down;iraLrd IWfledtitin 
of 14 . Ho aerodynamic balance was used for it was thought 
that with the narrow-^chord ailerons on a relatively small 
and lightly loaded airplane the control forces Would ho 
satisfactorily light. The flap was made 20 percent of 
the wing chord and had a total deflection of 60^ with a 
rearward movement of the front edge of the flap of ahout 16 
percent of the wing chords Both the flap and the ailerons 
covered the entire span except for the rounded wing tips 
and a small cut-out in the center. 

A somewhat higher value of the maxim-am lift coeffi- 
cient could have heen ohtained with a larger flap, say 30 
percent of the wing chord, hoth hecause of the larger size 
and hecause it could "be moved rearward a greater distance. 
(See reference 1.) In the application of the flap to the 
wing of this particular airplane, however, it seemed struc- 
turally dosirahle to have the flap in its retracted po s i- 
tion located entirely hehind the rear spar, which limited 
its size. The arrangement as tested gives within ahout 
15 percent of the value of the maximum lift coefficient 
obtainable with a larger flap» and is considered satisfac- 
tory to show the effectiveness of the conventional ailerons 
with this type of flap. 

TESTS 



The present tests were of a qualitative nature, the 
results having been obtained through the pilots^ observa*- 
tions# It is the present intention to measure the rolling 
and yawing action resulting from the use of the ailerons 
in flight, and to publish these data in a more complete 
report later. 

With the flaps retracted the conventional ailerons 
operated in the usual manner. They gave satisfactory ?oll'-r 
ing control throughout the uns tailed flight range, buij did 
not give control at angles of attack above the stalj.^ 
Small adverse yawing moments were noticeable. The control 
force was light. 

With the flaps down the rolling control seemed approx- 
imately the same as it was at the SAP© air speed with the 
flaps up, but became noticeably lesp reg^ponsive as the 
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speed was reduced to the minimum oTDtaina*ble with the flaps 
down. The coutrol was, however, considered sufficient for 
all normal fljing including landing under gusty air oondi*- 
tions^ The ailerons operated satisfactorily with the flap 
deflected any amount, a smooth well-graduated change in 
"feel" "being noticoahle between the extreme positions. 
The control force with the flap down seemed slightly great- 
er thai! it was at the same speed with the flaps up. The 
difference is considered "by the pilots to "be in the order 
of 15 or 20 percent* Control at angles of attack alDOve 
the stall was not ohtained with the flap in any position. 
With the flap down the adverse yawing moments given hy the 
ailerons were somewhat more noticea1)le than with the flaps 
up. 

CONCLUSION 



3*rom the results of these preliminary qualitative 
tests this arrangepent of split flap and conventional ai*- 
lerons appears to give reasonably satisfactory lateral 
control in unstalled flight with full-span flaps. 



Langlay Memorial Aeronautical Laboratory , 

National Advisory Committee for Aeronautics, 
Langley Field, Ta. , December 22, 1933. 
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Figure 1««» Split flaps zoouated ahead of narrow conventional ailerons 
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Figure 8.- Wind-tunnel test results with upper-surfaoe 
ailerons and split flaps* 




Figare 4, - F-22 airplane with special wing 



